A polymerase chain reaction (PCR) assay was developed and compared with standard methods for rapid detection of Burkholderia cepacia, a major industrial contaminant, in cosmetic and pharmaceutical raw materials and finished products. Artificially contaminated samples were incubated for 24 h in trypticase soy broth containing 4% Tween 20 and 0.5% soy lecithin. DNA was extracted from each sample using a proteinase K-tris-EDTA-Tween 20 treatment at 35°C. The extracted DNA was added to Ready-To-Go PCR beads and specific DNA primers for B. cepacia. The B. cepacia DNA primers coded for a 209-base pair (bp) fragment of the 16S rRNA ribosomal gene. No DNA amplification was observed in samples that were not spiked with B. cepacia. However, all contaminated samples showed the specific 209-bp fragment for B. cepacia. There was a 100% correlation between standard methods and the PCR assay. Standard microbiological methods required 5-6 days for isolation and identification of spiked microorganisms, whereas PCR detection and identification was completed in 27 h. PCR detection of B. cepacia allows for rapid quality evaluation of cosmetic and pharmaceutical raw materials and finished products.
F or a given cosmetic or pharmaceutical formulation, United States Pharmacopoeia (USP) Microbial Limits Tests require determination of total microbial content for bacteria, yeast, and molds (1). Microbiological analysis must also determine the safety of a given product by absence of indicator microorganisms which are a hazard to consumers (2) . For this purpose, USP Microbial Limits Tests require absence of 4 different bacterial indicators: Salmonella spp., Staphylococcus aureus, Pseudomonas aeruginosa, and Escherichia coli. However, published scientific studies have demonstrated that Burkholderia cepacia, an opportunistic pathogen, is one of the most frequently isolated bacterial contaminants in cosmetic and pharmaceutical samples in the United States and the cause for major product recalls (3, 4) . B. cepacia is also a major contaminant in finished products around the world (5-9). B. cepacia has shown increasing resistance to the antimicrobial preservative systems in cosmetic and pharmaceutical products (3, 9) . B. cepacia contamination has occurred as a result of inadequately preserved products, which have led to conditions that favor adaptation and growth of resistance microorganisms (3, 9) .
Standard methods for isolation and identification of B. cepacia require 5-6 days for completion. Furthermore, because B. cepacia has a diverse genetic composition, accurate identification using phenotypic tests is difficult (10) . For example, additional biochemical testing indicated that bacterial isolates previously identified as B. cepacia were closely related to species B. gladioli (11) . Therefore, rapid and more accurate detection of B. cepacia is needed.
The polymerase chain reaction (PCR) is a technique that amplifies specific segments of DNA. The application of rapid PCR assays to food testing and clinical analysis has resulted in faster quality evaluation of foods and rapid diagnosis of pathogenic conditions (12, 13) . However, PCR applications for cosmetic and pharmaceutical quality control have been rather slow. A commercial system, the BAX TM , has been validated for detecting Salmonella typhimurium in pharmaceutical environments (14) . PCR assays have also been developed for detecting S. aureus, P. aeruginosa, and E. coli (15) . However, no PCR assay has been reported for detecting B. cepacia in cosmetic and pharmaceutical environments.
The objective of this study was to develop a PCR assay to detect B. cepacia in cosmetic and pharmaceutical samples, and to compare the assay with standard methods.
Experimental

Standard Enrichment and Selective Method
Samples (10 g or 10 mL) were aseptically added to 100 mL sterile trypticase soy broth (TSB; Difco Laboratories, Detroit, MI) for raw materials and TSB containing 4% Tween 20 and 0.5% lecithin for finished products which often contain preservatives. After thorough mixing, each of the enrichment broths was inoculated by transferring 100 colony forming units (cfu) of a 24 h TSB culture of B. cepacia ATCC 25416. The inoculum was prepared by serially diluting the 24 h B. cepacia culture in 0.85% saline and quantitated by plating on trypticase soy agar (TSA; Difco). Inoculated samples were incubated for 24 h at 35°C.
After incubation, inoculated TSB enrichment broths were streaked on Pseudomonas isolation agar (PIA) and MacConkey agar (Difco). After a 24-48 h incubation at 35°C, colonies were streaked onto sterile Petri plates containing TSA. TSA-streaked plates were incubated for 18-24 h at 35°C, and pure cultures were Gram stained. Individual colonies were identified by using the Vitek Jr Automatic Identification System (bioMerieux, Hazelwood, MO).
DNA Extraction from Artificially Contaminated Samples
After a 24 h incubation, a 10 µL aliquot of each broth was added to 200 µL lysis buffer (pH 8.0) containing 1X Tris (1mM)-EDTA (0.1mM; Sigma Chemical Co., St. Louis, MO), 3 µL 20 mg/mL Proteinase K (Sigma) solution, and 0.5% Tween 20 (ICI, Wilmington, DE). The samples were then incubated for 60 min at 35°C to lyse cells and degrade cellular proteins. This was followed by a 10 min incubation at 95°C to complete lysis and destroy protease.
PCR Amplification of Artificially Contaminated Samples
For each B. cepacia contaminated sample, 50 µL sample lysate was transferred into a PCR tube containing 48 µL sterile water, 1 µM of each primer, and Ready-To-Go PCR beads (Pharmacia Biotech, New Brunswick, NJ).
B. cepacia was detected by using primers PSR1 and PSL1, which were described previously, to amplify a 209-base pair (bp) DNA region of the 16S rRNA gene (16, 17) . Commercially synthesized DNA primers were used in this study (Genosys Biotechnologies, The Woodlands, TX).
Sample tubes were loaded into a thermocycler (Perkin Elmer 9600, Foster City, CA) and the PCR reaction was initiated. Reaction conditions for PCR were previously described (16) . Amplified samples were then analyzed by agarose gel electrophoresis, using 2.0% SeaKemR Gold Reliant Agarose Gels which had been prestained with ethidium bromide (FMC, Rockland, ME).
After gel electrophoresis, photographs were taken using a Foto/Phoresis R UV Documentation System (Fotodyne, Hartland, WI). A positive result (B. cepacia specific band) was indicated by a fluorescent band at the 209-bp level. This molecular weight was indicated by a band between bands 6 and 7 (from top to bottom) of the 8 bands shown in the gel.
Results and Discussion
To validate the PCR assay for detecting B. cepacia against standard conventional methods, samples of a fluoride dentifrice, baking soda dentifrice, medicated dentifrice, sleeping tablet, antiflatulent liquid, denture adhesive, carboxymethylcellulose (CMC), simethicone, lactose, and ointment were analyzed. B. cepacia was isolated by standard methods, and biochemically identified from all 10 contaminated samples. The biochemical profiles of bacterial isolates identified as B. cepacia are shown in Table 1 . The biochemical profile number for the different bacterial colonies identified as B. cepacia were 63677677573, 63677677572, and 23677677572. Isolation and final identification of bacterial colonies were completed after 5-6 days. Similar detection times were reported with finished products contaminated with B. cepacia (5, 6, 9) . None of these studies reported any minimum detectable levels (MDL) for the standard method. However, in this study the MDL was 10 cfu/g (or mL).
The specificity of DNA primers used in this study was previously reported (16) . These primers codify for a ribosomal sequence in the B. cepacia genome which was previously used in PCR assays for rapid detection in clinical samples. No amplification with other Burkholderia species or any other bacteria was found (16, 17) .
Sample preparation before PCR reaction is a critical step for optimizing any PCR assay (16) . Extraction of microbial DNA from contaminated sample mixtures provides the template DNA to be used by Taq polymerase to amplify specific DNA targets. Therefore, for validation purposes, the use of a lysis buffer treatment was incorporated as part of sample preparation before PCR analysis. The lysis buffer containing Proteinase K, Tween 20, and Tris-EDTA at pH 8.0 allowed gentle lysis of bacterial cells present in sample mixtures, resulting in optimal amplification of specific bacterial DNA sequences. The same lysis buffer was used for rapid extraction of E. coli, P. aeruginosa, and S. aureus DNA in contaminated cosmetic and pharmaceutical samples (15) .
Previous studies showed that the use of Ready-To-Go PCR beads in PCR assays for detecting S. aureus, P. aeruginosa, and E. coli in cosmetic and pharmaceutical samples (15) provided all necessary reagents for the PCR reaction in a convenient, ambient temperature-stable form. The beads contain buffer, nucleotides, and Taq polymerase. Once the beads were rehydrated, the only reagents needed were the sample lysate and specific primers. Our analysis of different numbers of beads with B. cepacia DNA showed that optimal PCR amplification for B. cepacia required 4 beads (data not shown). To determine the sensitivity of the PCR assay, serial dilutions were made of a 24 h B. cepacia culture, and the extracted DNA from each dilution was analyzed by PCR. MDL of B. cepacia were 10 4 cfu/mL (Figure 1 ). Similar MDL levels were previously reported using a PCR-based assay for detecting S. typhimurium contamination in cosmetic and pharmaceutical products (14) . The MDL is not critical as long as enrichments allow proliferation to the MDL. Figure 2 shows test results of PCR amplification of some samples inoculated with B. cepacia. After a 24 h incubation, gel electrophoresis results showed that the 209-bp DNA fragment specific for B. cepacia was present in different dentifrices, denture adhesive, lactose, CMC, and simethicone (Figure 2) . None of the tested product types (creams, tablets, emulsions, and dentifrices) and raw materials (gums, powders, oils) interfered with PCR detection of B. cepacia. Some examples of known PCR inhibitors are humic acids and high concentrations of sodium chloride and magnesium (18) . No amplified DNA fragment was obtained from uninoculated samples. Previous studies of PCR analysis of foods, environmental, and clinical samples required DNA extraction from samples with chloroform and phenol treatments followed by alcohol precipitations, which are time-consuming and labor-intensive, and generate large volumes of hazardous waste (13, 18) . However, in this study bacterial cell lysis and DNA extraction from contaminated samples were performed by a one-step mild lysis buffer treatment.
Comparison of a PCR assay, using the same B. cepacia DNA primers, with standard methods for clinical sample analysis showed a 95% correlation (17) . However, in this study there was a 100% correlation between the PCR assay and standard methods. Both PCR and the standard conventional method detected B. cepacia in all 10 contaminated samples ( Table 1) . The time to complete the PCR assay including sample preparation and PCR amplification of B. cepacia DNA sequences was 27 h. Standard plating methods required 5-6 days for bacteria to be isolated and biochemically identified. Although B. cepacia comprises 5 distinct species or genovars, standard phenotypical identification has been unable to discriminate between clinical isolates (10, 11) . Similar results have been reported in pharmaceutical laboratories (4) . However, the DNA primers used in the present study targeted 16S rRNA genes that are more species-specific than any phenotypical test, allowing greater resolution and discrimination within 27 h.
A PCR assay for detecting the USP indicator S. typhimurium in raw materials and cosmetic and pharmaceutical samples was previously reported (14) . However, all reagents for that PCR reaction were supplied in a tablet formulation as part of a commercial kit, the BAX™. In the present study, the sample lysate and PCR primers were added to Ready-To-Go PCR beads. The use of Ready-To-Go PCR beads minimized sample handling and preparation. Nevertheless, it might be possible to combine all the reagents needed by developing a specific tablet for B. cepacia. 
Conclusions
A rapid PCR assay based upon extraction of bacterial DNA using a simple sample preparation, Ready-To-Go PCR beads, and specific DNA primers, was developed and validated for detecting B. cepacia in cosmetic and pharmaceutical samples. These data show that PCR technology permits 27 h detection of B. cepacia, an opportunistic pathogen and major industrial contaminant, thus providing rapid quality evaluation of raw materials sensitive to microbial contamination and finished products. This rapid quality evaluation makes possible the optimization of product manufacturing and routine quality control testing in cosmetic and pharmaceutical environments.
